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This i s  a draft report,  and as such contains hand-written comments or notations. Some 
sections are not c o q l e t e ,  and the 1995 data have not been f u l l y  incorporated i n t o  the 
report. The author's notes are i n  italics within [brackets] to  dist inguish them from 
the actual text  of the report. 

I t  i s  released i n  t h i s  form with.the recognition that the r e s u l t s  are important i n  
providing information regarding the health of the system and f o r  future sampling 
programs. W e  intend t o  complete the report i n  the neaz future,  and w i l l  send a f i n a l  
copy to interested persons. Please contact the Robert Klamt at 707-576-2693 i f  you 
would l i k e  a f i n a l  copy. 

Public interest groups from the lower Russian River area hypothesized that the City of 
Santa Rosa's Wastewater Reclamation Plant caused accumulation of nutrients and toxic 
chemicals in sediments in the Laguna de Santa Rosa, Santa Rosa Creek, and the Lower 
Russian River. In response, the North Coast Regional Water Quality Control Board 
(Regional Board) sampled wastewater pond, stream, and river sediments for nutrients, 
metals, and pesticides and other chlorinated organic chemicals in 1985 and 1986. 

The two objectives o f  the sampling effort were to: 1)determine if there was a 
xelationship between the concentrations of those chemicals in the sediments and 
location in the watershed,' and 2)attempt to explain the distribution of those 
chemicals ,in the sediments with respect to wastewater discharge locations. 

The hypothesis to be tested was: "The'discharges from the City of Santa Rosals Laguna 
Plant caused increased sediment concentrations of complex organics, metals, and 
nutrients in the sediments of the Laguna de Santa Rosa and the lower Russian River." 

Though staff to the Regional Board presented summaries of the results of the sampling 
in 1988 and 1989 (Church 1989), no detailed, nor statistical analysis of the data was 
undertaken. Regional Water Board staff performed such analyses on the data collected 
in the 1985-86 effort precursory to repeating some of the sampling in 1995. 

[methods changed between 1986 and 1995, so results are not directly comparable, i.e., 
concentrations are not directly relatable. however, the relationships of 
concentrations among stations in 1995 are valuable information and will be compared to 
the relationships found in the 1985-86 data.] 

METEODS 

Study Design 
In order to determine if discharges from the City's storage ponds were causing 
'increases in the previously mentioned constituents, we sampled wastewater ponds 
("source sites")', sites upstream of the discharge locations ("reference sites") , and 
sites downstream of the discharge locations (*ldownstream sites") (Figure 1). The 
logic was that if concentrations were higher downstream of the discharge locations 
than upstream, the discharges were causing the increases. Source samples would 
confirm the increased concentrations in the wastewater ponds. Also, the wastewater 
ponds have the highest likelihood of accumulating those chemicals, since the ,sediments 
in the ponds come from settled algae grown in the wastewater, and have year-round 
contact with the wastewater as opposed to the stream sediments.being exposed to the 
wastewater only during the winter discharge period. 

Three wastewater ponds were selected as source sites: Meadow Lane Pond, Brown Pond, 
and Delta Pond. Those ponds were common discharge locations (Figure 1). 

Reference sites were selected in Copeland Creek (upstream of Rohnert Park), Santa Rosa 
Creek at Melita Road (upstream of Santa Rosa), Mark West Creek at Slusser Road 
(upstream of the Laguna confluence), the Russian River at Alexander Valley (upstream 
of Healdsburg) (Figure 1) . 



tiownstream sites were located in the Laguna/Mark West Creek system at: 1)Stony Point 
Road (downstream of Rohnert Park, but upstream of wastewater discharges), 2)occidental 
Road (downstream of Meadow Lane and Brown ponds and Sebastopol), 3)upstream of the 
confluence with Santa Rosa Creek (upstream of the Delta Pond discharge), and 4)at 
Trenton-Healdsburg Road (downstream of al1,the City of Santa Rosa's wastewater ponds). 
The Laguna at Highway 12 was sampled once during the study (Figure 1). 

Sites downstream of the City of Santa Rosa were located at: 1)Stony Point Road, and 
2)upstream of the confluence with the Laguna de Santa Rosa (Figure 1). 

Russian River downstream sites were located at: 1)Healdsburg Memorial Beach (within 
stormwater drainage influence of some of the City of Healdsburg), 2)Wohler Bridge 
(downstream of Healdsburg, upstream of the confluence with the Laguna), 3)Cook1s Beach 
(downstream of the confluences of both the Laguna and Green Valley Creek), 4)Odd 
Fellows Park, 5)Johnsonfs Beach (in Guerneville), 6)Vacation Beach, and 7)Duncan1s 
Mills (Figure 1) . 
Sampling site locations and codes are detailed in Tabie 1. 

Sampling Frequency 
The original plan was to,collect samples systematically on a monthly basis for a year. 
Weather and stream flow conditions affected accessibility of the sites, and a delay in 
obtaining a laboratory contract resulted in eight sample collections as detailed in 
Table 2. Data from the last sampling were not useable, since the sampling sites were 
coded differently, and we found no key to the codes. 

Sample Collection 
Sediment samples were obtained with an acid-washed Eckman dredge or 1.5" limnological 
core sampler from depositional areas at each of the sampling sites. The upper two 
inches of the sample was placed in appropriately prepared jars, enough samples 
collected to obtain the required sample volume for each analysis group (metals, 
organics, nutrients). The sampling results for a single site represent a composite 
sample for each sampling event. [in 1995 we used USGS methods - cite1 

Sample Analysis 
The contract laboratory supplied staff with prepared bottles for each analyte group at 
each site. Upon submittal to the laboratory, the samples were logged in and analyzed 
according to accepted US EPA methods as follows: 

Metals extraction was per the Waste Extraction Test (WET), soluble (California 
Administrative Code, Title 22, Environmental Health, 30:66002-67651, October, 1904). 
Analysis was by atomic adsorption spectrometry per Methods for chemical analysis of 
Water and wastes, EPA-600/4-79-020, March 1983 or the most recent US Environmental 
Protection Agency approved methods. Methods numbers for the analytes and detection 
limits are detailed in Table 3. 

Organics analyses were performed per US Environmental Protection Agency approved 
methods or methods from the most recent version of Standard Methods for the 
Examination of Water and Wastewater. Methods numbers for the analytes and detection 
limits are detailed in Table 4. 

Nutrients analyses were performed per US Environmental Protection Agency approved 
methods or methods from the most recent version of Standard Methods for the 
Examination of Water and Wastewater. Methods numbers for the analytes and detection 
limits are detailed in Table 5. 

[Raw data will be presented in the laboratory reports in the ~ppendix.1 



Fisure 1. Sediment sampling sites in the Russian River and Mark West 
Creek systems, 1985-86 and 1995. 



a b l e  1 .  Sampl  i n g  s i t e  loca t ions  a n d  codes for  sediment sampl i n g  i n  t h e  
Russi a n  Ri ver .system, 1985-,86 and 1995.  Bol d type = re ference  
s t a t i o n .  

Sampling Sta t ion  Location 

C i t y  of  Santa Rosa w a s t e w a t e r  pond - Meadow Lane Pond 

City of Santa Rosa wastewater pond - Brown Pond 

City of Santa Rosa wastewater pond  - Delta Pond  

City of Santa Rosa wastewater pond - Alpha Lane Pond 

S a n t a  Rosa Creek a t  Me1 i t a  Road (upstream of City of S a n t a  Rosa) 

S a n t a  Rosa Creek a t  Stony Point Road 

S a n t a  Rosa Creek a t  t h e  mouth, downstream of City of Santa Rosa 
a n d  upstream of the  L a g u n a  

Copeland Creek upstream of Rohnert Park 

Laguna  de Santa Rosa a t  Stony Point Road ,  downstream of Rohnert 
Park 

L a g u n a  de Santa Rosa a t  Highway 1 2  

Laguna de Santa Rosa a t  O c c i d e n t a l  Road 
L a g u n a  de S a n t a  Rosa upstream o f  S a n t a  Rosa Creek 

Mark West Creek a t  Sl usser  Road, upstream of Laguna 

Mark West Creek a t  Trenton-Healdsburg Road, downstream of L a g u n a  
and Windsor Creek 

Russi a n  Ri ver a t  A 1  exander Val  1 ey 

Russian River a t  Heal dsburg Memori a 1  Beach 

Russian River a t  Wohler Bridge (upstream of Mark West Crk. ) 

Russian River a t  Cooks Beach (downstream of Mark West Crk. 

Russian River a t  Odd Fel lows Road 

Russi a n  Ri ver a t  Johnson ' s Beach, Guernevi 1 1 e 

Russian River downstream of Johnson's Beach dam, G u e r n e v i l l e  

Russian River a t  Vacation Beach 

Russi a n  R i  ver a t  Duncan ' s Mi 1 1  

Acronym or 
Code 

MLP 
BP 

DP 

A L P H A  

SRCMR 

SRCSP 

I 

SRCM 

U R P  

SP or LSP 

12 or  L12 

OCC o r  LOR 

USR or  LUSR 

M W C  

T H  

A V  

H MB 

WB 

C B  

06 o r  O F  

J B 

JB bl  dam 

VB 

D M  



Table 2. Sample collection matrix for sediment sampling in the Russian 
River system,. 1985-86 and 1995. Codes refer to analysis 
groups : O=organic chemicals, M=heavy metals, N=nutrients, 
%=%organic matter. 



Table 3. Metals analysis methods and reporting limits for the Russian River 
sediment sampling, 1985-86 and 1995. 

The 197.2 nm resonance line wae,used to prevent spectral interference from aluminum. 

1995 
R e p o r t i n g  

L i m i  t 
(mg/Kg)  

1.0 

1 .0  

2.0 

- - 

2.0 

2 .0  

0.10 

2.0 

5.0 

1985 - 8 6  
R e p o r t i n g  

L i m i t  
(mg/Kg)  

2 

0.2 

0.5 

0 .5  

0 .5  

- - 

0.05 

- - 

0.2 

A n a l  y t e  

A r s e n i c  

Cadmi urn 

Chromi  urn 
( t o t a l  ) 

Chrorni urn 
( h e x a v a l e n t  1 

Copper  

Lead  

M e r c u r y  

S i  1 v e r  

Z i n c  

EPA M e t h o d  R e f e r e n c e  
1985-86 1995 

206.2 ' 7060 

2  13 6010 

2  18 6010 

218.4 - - - - 

220 6010 

239 7421 

245 245 .1  

272 6010 

289 6010 



Table 4. Methods and reporting limits for organic chemicals analysis 
for the Russian River sediment sampling, 1985-86 and 1995. 

Table 5. Methods and reporting limits for nutrients 
analyses for the Russian River sediment sampling, 
1985-86 and 1995. 

1995 

EPA R e p o r t i n g  
Method L i m i t  

8080 0.020 u g / g  

8080 0.020 ug /g  

8080 1 . O  ug/g 

8080 10  ug /g  

8140 0.50 u g / g  

8140 1 . 0  ug/g 

8140 2 . 0  u g / g  

8140 0.20 u g / g  

8140 2.5 ug /g  

. - 
Anal  y t e s  

a l d r i n ,  a l p h a  BHC, b e t a  BHC, 
d e l t a  BHC, d i e l d r i n ,  
e n d o s u l f a n  I ,  endosul fan  11, 
endosul  f a n  s u l f a t e ,  e n d r i  n ,  
endri n  a1 dehyde, h e p t a c h l  o r ,  
h e p t a c h l  o r  epox i  de , I i ndane 

DDT.  DDD. DDE, m e t h o x y c h l o r  

c h l o r d a n e ,  PCBs 

toxaphene 

c h l  o r p y r i  f o s ,  d i  a z i  non,  
d i  c h l  o r v o s ,  d i  s u l  f o t o n ,  
e t h i  on, f e n s u l  f o t h i  on, 
f e n t h i o n ,  m a l a t h i o n ,  e t h y l  
p a r a t h i  on, p h o r a t e  , r o n n e l  , 
t e t r a c h l  o r v i n p h o s  

e thoprophos,  mevinphos 

demeton, d i m e t h o a t e  

methy l  pa r a t h i  on 

methy l  az inphos ,  coumaphos 

1985 - 86 

EPA R e p o r t i n g  
Method L i m i t  

8080 0.03 ug/g 
3540 

8080 0.08 ug /g  
3540 

8080 0.5 ug/g 
3540 

8080 1.0 ug/g  
3540 

- - - - - - - - - - - - -  

- - - - - - - - - - - - -  

- - - - - - - - - - - - -  

- - - - - - - - - - - - -  

- - - - - - - - - - - - -  

Total 
Phosphate 

Andyte 

Total 
Kjeldahl Nitrogen 

Wthod 
Reference 

351.4 

Phosphorus I 365.2 0.2 I 1.0 

1985-85 
Reporting 
Limit 

(-/Kg) 

1 

1995 
Reporting 

L i m i t  

( - /Kg)  

150 



Ia ta  . A n a l y s i s  
g l ' u e s  r e p o r t e d  a s  "non-detect"  (ND) were e n t e r e d  i n t o  t h e  a n a l y s i s  a s  one-ha l f  t h e  
yepor t ing l i m i t  t o  b e  c o n s e r v a t i v e  on t h e  s i d e  o f  d e t e c t i o n  and t o  i n c l u d e  a l l  v a l u e s  
Ln t h e  s t a t i s t i c a l  a n a l y s i s .  Values r e p o r t e d  a s  " l e s s  t h a n  o r  equa l  t o "  ( 5 )  were  
sn te red  i n t o  t h e  a n a l y s i s  a s  t h e  "equa l  t o  v a l u e . "  For example, a  r e s u l t  o f  "ND" w i t h  
i r e p o r t i n g  l i m i t  of  0 . 5  was e n t e r e d  a s  0 .25  and a  r e s u l t  of < 0 . 5  was e n t e r e d  a s  0 . 5 .  
?or  t h o s e  a n a l y t e s  d e t e c t e d  i n  more t h a n  506 of  t h e  samples  t h e  f o l l o w i n g  a n a l y s i s  
sequence was employed: 

A v i s u a l  nonparamet r ic  a n a l y s i s  was used  f i rs t  b y  drawing box p l o t s  f o r  e a c h  
a n a l y t e  on a  b y - s t a t i o n  b a s i s  t o  v i s u a l l y  compare r e f e r e n c e  s i t e s  t o  pond s i tes  
t o  downstream s i t e s .  The common p r o c e d u r e  i s  t o  t e s t  d i f f e r e n c e s  between s i t e s  
a s  i n d i c a t e d  f rom t h e  box p l o t s ,  i . e . ,  t h e y  a p p e a r  t o  be  d i f f e r e n t .  

However, a  s t a n d a r d  paramet r ic  a n a l y s i s  of  v a r i a n c e  (ANOVA) was p e r f o r m e d  o n  
e a c h  a n a l y t e  on d a t a  s e t s  grouped by f u n c t i o n  ( r e f e r e n c e  s i t e s ,  ponds)  a n d  b y  
L o c a t i o n  ( r e f e r e n c e  s i t e s ,  ponds, and  downstream s i tes  f o r  each s t r e a m  s e c t i o n ) .  
Duncan 's  m u l t i p l e  range t e s t  (DMRT) of  t h e  means was performed a t  t h e  95% 
c o n f i d e n c e  l e v e l  ( a lpha  of 0 .05)  on e a c h  g roup ,  r e g a r d l e s s  of t h e  s i g n i f i c a n c e  
o f  t h e  ANOVA. S i t e s  s i g n i f i c a n t l y  d i f f e r e n t  f rom o t h e r  s i t e s  o r  g r o u p s  o f  s i t e s  
were d e s c r i b e d  i n  r e l a t i o n  t o  t h e  h y p o t h e s i s  and  sampling o b j e c t i v e s  w i t h  r e g a r d  
t o  t h e i r  l o c a t i o n  i n  t h e  s t ream/pond sys tem.  

ieSult.5 o f  t h e  s t a t i s t i c a l  d a t a  a n a l y s i s  f o r  t h e  1985-86 d a t a  a r e  p r e s e n t e d  by a n a l y t e  
in t h e  f o l l o w i n g  s e c t i o n  f o r :  

- d i f f e r e n c e s  among ponds 
- d i f f e r e n c e s  among r e f e r e n c e  s i t e s  
- d i f f e r e n c e s  between r e f e r e n c e ,  ponds,  and  downstream s i t e s  on a  b y - s t r e a m  b a s i s .  

?he 1995 sampl ing  o c c u r r e d  on ly  once f o r  s e l e c t e d  s t a t i o n s  due t o  r e s o u r c e  
: o n s t r a i n t s .  For  t h a t  r eason ,  box p l o t s  and o t h e r  s t a t i s t i c a l  a n a l y s e s  were  n o t  
s p p r o p r i a t e  and the data are presented separately from the 1985-86 data and compared 
is single values on a' by  function and by  location basis. 

RESULTS - ORGANIC CHEMICALS 
\lo c h l o r i n a t e d  o r g a n i c  chemicals  were d e t e c t e d  i n  sediments.  i n  1985, 1986, n o r  1995.  
Xnalytes and  d e t e c t i o n  l i m i t s  a r e  p r e s e n t e d  i n  T a b l e  4 .  

RESULTS - METALS 

rhe m e t a l s  chromium, copper ,  and z i n c  were r o u t i n e l y  d e t e c t e d  i n  t h e  1985-86 s a m p l i n g  
3nd s u b s e q u e n t l y  s u b j e c t e d  t o  t h e  s t a t i s t i c a l  a n a l y s i s .  Hexavalent chromium (chromium 
JI) and mercury  w e r e  n o t  d e t e c t e d  i n  any of t h e  1985-86 samples .  Mercury was d e t e c t e d  
in s i x  of t h e  1 5  samples  c o l l e c t e d  i n  1995, and  l e a d  was d e t e c t e d  i n  a l l  1 5 .  

30x p l o t  b o u n d a r i e s  a r e  t h e  25 th  and 7 5 t h  p e r c e n t i l e s .  BOX h e i g h t  r e f e r e n c e s  i n  t h e  
fo l lowing  s t a t e m e n t  o f  r e s u l t s  r e f e r s  t o  t h e  d i s t a n c e  between t h e  box p l o t  b o u n d a r i e s ,  
s . g . ,  a " s h o r t Y b o x  h a s  l e s s  range between t h e  two p e r c e n t i l e s  t h a n  a  * ' t a l l w  b o x .  

Reference t o  " s i g n i f i c a n c e "  i n  t h e  DMRT tes ts  i s  a t  t h e  95% conf idence  l e v e l  
( a l p h a s o .  05)  . 

D i f f e r e n c e s  among ponds  
1985-86 Data  

D e l t a  Pond h a d  t h e  l a r g e s t  v a r i a t i o n  ( t a l l e s t  box p l o t s )  i n  m e t a l s  
c o n c e n t r a t i o n ,  though l i t t l e  d i f f e r e n c e  was n o t e d  among t h e  t h r e e  w a s t e w a t e r  
ponds  w i t h  r e s p e c t  t o  median o r  a v e r a g e  m e t a l s  c o n c e n t r a t i o n s  ( F i g u r e s  2 ,  3,  4 ) .  
Duncan's  m u l t i p l e  range  t e s t  of t h e  means (DMRT) grouped Brown and Meadow Lane 
t o g e t h e r  ( n o  s i g n i f i c a n t  d i f f e r e n c e )  and  s i g n i f i c a n t l y  lower t h a n  D e l t a  Pond  f o r  
chromium ( T a b l e  6 ) .    here was no s i g n i f i c a n t  d i f f e r e n c e  among t h e  ponds  f o r  
c o p p e r  o r  z i n c .  



I MeadnpIare Delta 
Pod P o d  tod - I 

Fiaure 2. Sediment chromium concentratione 
(-/Kg) for the three waetewater 
ponds, 1985- 86. 
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Ficrure 3 .  Sediment copper concentrations 
(mg/Rg) for the three wastewater 
ponde, 1985-86. 

Table 6. Duncants multiple range test 05 the means for sediment chromium, copper, and 
zinc in the wastewater ponds. Means are in parentheses as mg/Kg. Underlined 
means are not significantly different at the 95% confidence level, those not 
underlined are significantly different from the underlined means. 

6.0 - 
5.0 - 
4.0 - 
3.0 - 
2.0 - 
1.0 - 

0 - 
'1 

CHROMIUM ' 

Brown Pond Meadow Lane Pond Delta Pond 
(0.27) (0.73) (0.77) 

nu P 6 3 6 

COPPER 
Meadow Lane Pond Brown Pond Delta Pond 

l!fe&owlana -1 ta Bmvm 
Pond Load load 

Fiqure 4. Sediment zinc concentratione 
(mg/Kg) for the three waetewater 
ponds, 1985-86. 

ZINC 
~eadow Lane Pond Delta Pond Brown Pond 



L995 Data 
- Due t o  s a m p l i n g  c o n s t r a i n t s  (worker ' s a f e t y ,  pond a c c e s s )  o n l y  Alpha and Brown 

ponds were sampled .  Arsen ic ,  chromium, c o p p e r ,  l e a d ,  and z i n c  were d e t e c t e d  a t  
s i m i l a r  c o n c e n t r a t i o n s  i n  each pond. [ i n s e r t  d a t a  t a b l e  he re1  

3 i f  f e r e n c e s  among r e f e r e n c e  s i t e s  
1985-86 Data 

Zinc c o n c e n t r a t i o n s  were h igher  i n  t h e  s e d i m e n t s  t h a n  chromium o r  copper .  
Metals concentrations varied among reference sites (Figures 5, 6, & 7 ) .  Zinc  
c o n c e n t r a t i o n s  e x h i b i t e d  t h e  l e a s t  v a r i a t i o n  of  t h e  m e t a l s ,  e x c e p t  f o r  t h e  
Petaluma H i l l  Road s i t e  (uRP).  DMRT grouped t h e  s t a t i o n s  s i m i l a r  t o  t h e  v i s u a l  
i n t e r p r e t a t i o n :  t h e  Petaluma H i l l  Road and  Mark W e s t  Creek s i t e s  grouped a n d  
s i g n i f i c a n t l y  l o w e r  t h a n  Alexander Va l ley  and  S a n t a  Rosa Creek a t  M e l i t a  Road 
(Tab le  7 ) .  For  c o p p e r ,  a l l  r e f e r e n c e  s t a t i o n s  were  grouped t o g e t h e r ,  w h i l e  f o r  
z i n c ,  A l e x a n d e r  V a l l e y  s t a n d s  ou t  a s  s i g n i f i c a n t l y  lower  t h a n  any of t h e  o t h e r  
s t a t i o n s  ( T a b l e  7 )  . 

1995 Data 
[ f i l l  i n  w i t h  c o n c l u s i o n s ;  F igure  7 A J '  

Dif fe rences  on a  b y - s t r e a m  b a s i s  - Laguna de S a n t a  Rosa/Mark West Creek 
1985-86 Data 

I n  g e n e r a l  t h e r e  was l i t t l e  r e l a t i o n s h i p  o f  m e t a l s  t o  l o c a t i o n  i n  t h e  Laguna.  
Chromium and  z i n c  c o n c e n t r a t i o n s  were h i g h e r  a t  s t o n y  P o i n t  Road t h a n  a t  t h e  
upst ream r e f e r e n c e  s i t e  (Petaluma H i l l  Road) ,  and  h i g h e r  a t   rento on-Healdsburg 
Road t h a n  a t  t h e  ups t ream r e f e r e n c e  s i t e  ( S l u s s e r  Road) ( F i g u r e s  8,  9,  & 10). 
There a p p e a r e d  t o  b e  a  s l i g h t  r e l a t i o n s h i p  o f  i n c r e a s e d  z i n c  i n  s e d i m e n t s  
downstream o f  u r b a n  a r e a s :  sediment c o n c e n t r a t i o n  a t  Stony P o i n t  (downs t ream 
of Rohnert  P a r k )  was s i g n i f i c a n t l y  h i g h e r , t h a n  Peta luma H i l l  Road ( u p s t r e a m  of  
Rohnert  P a r k ) ,  and  Trenton-Healdsburg Road (downstream of a l l  urban a r e a s )  was 
h i g h e r  ( t h o u g h  n o t  s i g n i f i c a n t  a t  95% c o n f i d e n c e  l e v e l )  t h a n  immedia te ly  
upst ream of  S a n t a  Rosa Creek (upst ream of t h e  C i t y  o f  San ta  Rosa, though 
downstream of  R o h n e r t  Park and Sebas topo l )  ( F i g u r e  10,  Tab le  8 ) .  Was tewate r  
pond sediment concentrations were essentially the same or lower than the Laguna 
s i t e s .  

The DMRT f o r  a l l  t h r e e  meta l s  grouped t h e  ponds  w i t h  t h e  r e f e r e n c e  s i t e s  a s  
s i g n i f i c a n t l y  l o w e r  i n  average c o n c e n t r a t i o n  ( T a b l e  8 ) .  The o n l y  o t h e r  n o t a b l e  
rank ings  were  t h a t  a l l  s i t e s  were grouped t o g e t h e r  f o r  copper  (none o f  t h e  s i tes  
was s i g n i f i c a n t l y  d i f f e r e n t  from a n o t h e r )  , and t h e  g roup ings  f o r  z i n c  e x h i b i t e d  
more s p r e a d  t h a n  f o r  chromium. 

The w a s t e w a t e r  ponds  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  r e f e r e n c e  Si tes,  
and had no e f f e c t  on sediment c o n c e n t r a t i o n s  i n  t h e  Laguna. 

1995 Data . . 
[ f i l l  i n  w i t h  c o n c l u s i o n s ;  .Figure 1 0 A ]  

D i f f e r e n c e s  on a  b y - s t r e a m  b a s i s  - Santa  Rosa Creek 
1985-86 Data 

Sediment c o n c e n t r a t i o n s  were e s s e n t i a l l y  t h e  same a t  a l l  s i t e s  i n  S a n t a  Rosa 
Creek and t h e  D e l t a  Pond, excep t  f o r  z i n c  ( F i g u r e s  11, 12, & 13,  T a b l e  9). The 
wastewater  pond d id  n o t  a f f e c t  sediment c o n c e n t r a t i o n s  i n  S a n t a  Rosa C r e k k .  
Zinc was s i g n i f i c a n t l y  h i g h e r  i n  sediments  downstream of t h e  r e f e r e n c e  site 
( M e l i t a  R o a d ) ,  presumably from urban r u n o f f ,  which may have h igh  l e v e l s  of z i n c  
( F i g u r e  13,  T a b l e  9 )  (NCRWQCB 1 9 9 2 ) .  

1995 Data 
[ f i l l  i n  w i t h  c o n c l u s i o n s  and d a t a  t a b l e ]  

D i f f e r e n c e s  on a b y - s t r e a m  b a s i s  - Russian River  
1985-86 Data 

Duncan's  M i l l s  s e d i m e n t s  were t h e  h i g h e s t  f o r  a l l  t h r e e .  m e t a l s ,  w i t h  a  s l i g h t  
t r e n d  t o w a r d s  h i g h e r  z i n c  a s  one moved downstream ( F i g u r e s  14,  15,  & 16) . Z i n c  
c o n c e n t r a t i o n s  g e n e r a l l y  were lower t h a n  i n  t h e  Mark W e s t  Creek sys tem (Laguna  
and S a n t a  Rosa C r e e k ) .  The DMRT grouped r e f e r e n c e  s i t e s  w i t h  downstream s i t e s ,  
and showed no a p p a r e n t  downstream t r e n d  e x c e p t  p o s s i b l y  f o r  z i n c ,  where t h e  



Ficnve 6. Sediment copper concentrations 
(mg/Kg) for reference sites, 
1985- 86.  
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Piaure 7. Sediment zinc concentrations 
(mg/Kg) for reference sitee, 
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Table 7. Duncan's multiple range test of the means for sediment chromium, copper, and 
zinc at the reference sites in the Laguna/Mark West Creek watershed and the 
Russian River. Means are in parentheses as mg/Kg. Underlined means are not 
significantly different at 95% confidence level, those not underlined are 
significantly different from the underlined means. f 
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Ficnure 5. Sediment chromium concentrations 
(mg/Kg) for referqce sitee, 
1985-86. 

CHROMIUM 
Pet. Hill Rd. Mark West Alex. Valley . .Melita Road 

( 0 . 4 8 )  (0.50) (1.8) ( 2 . 3 1  

COPPER 
Alex. Valley Mark West Pet. Hill Rd. Melita Road 

ZINC 
Alex. Valley Mark West Pet. Hill Rd. Melita Road 

( 0 . 9 4 )  (1.9) ( 2 . 6 )  (3.2) 
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Figure 7 A .  Sediment concen t r a t i ons  (mg/Kg) f o r  chromium (CR) , z i n c  ( Z n ) ,  
copper (Cu) ,  l e ad  ( P b ) ,  and a r s e n i c  (As) a t  t h e  fou r  r e f e r e n c e  
s i t e s ,  1 9 9 5 .  Please  r e f e r  t o  Table  1 f o r  s t a t i o n  codes .  
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Figure 9 .  Sediment copper  c o n c e n t r a t i o n s  (rng/Kg) f o r  the 
Laauna de Santa  Rosa/Mark West Creek s i t e s ,  1985-86. 
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Figure  8 .  Sediment chromium c o n c e n t r a t i o n s  (mg/Kg) f o r  t h e  
Laguna de Santa  Rosa/Mark West Creek s i t e s ,  1985-86. 



Table  8 .  Duncan 's  m u l t i p l e  range t e s t  of t h e  means ' f o r  chromium, copper ,  
and z i n c  i n  t h e  Lag,una/Mark West Creek w a t e r s h e d  and  t h e  
w a s t e w a t e r  ponds .  Means a r e  i n  p a r e n t h e s e s  a s  rng/Kg. U n d e r l i n e d  
means a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  95% c o n f i d e n c e  l e v e l ,  
those  not underlined are significantly different from the 

' underlined means. Please refer to Table 1 for station codes. 
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CHROMIUM 
BP MLP URP MWC DP LOR LUSR T  H LS P 

( 0 . 2 7 )  ( 0 . 3 3 )  ( 0 . 4 8 )  ( 0 . 5 0 )  ( 0 . 7 7 )  . (1.1) ( 1 . 2 )  ( 1 . 3 )  ( 1 . 7 )  
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COPPER 
MLP TH LOR MWC LUSR B P  URP LS P  D P  

( 0 . 3 6 )  ( 0 . 8 6 )  (1.1) (1.1) ( 1 . 2 )  ( 1 . 2 )  , (1.7) 
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Figure  1 0 .  Sediment  z i n c  c o n c e n t r a t i o n s  (mg/Kg) f o r  t h e  
Laguna d e  S a n t a  ~ o s a / ~ a r k  West Creek sites, 1985-86. 

ZINC 
MLP D P MWC BP URP LOR LUSR TH LS P 

( 1 . 3 )  (1 .5 )  ( 1 . 9 )  ( 2 . 0 )  ( 2 . 6 )  ( 4 . 2 )  ( 4 . 3 )  (5 .3 )  ( 6 . 5 )  
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F i g u r e  10A. Sediment c o n c e n t r a t i o n s  (mg/Kg) f o r  chromium (CR), z i n c  ( Z n ) ,  
c o p p e r  (Cu)  , l e a d  ( ~ b )  , and a r s e n i c  (As) i n  t h e  Laguna d e  S a n t a  
Rosa, 1995.  P l e a s e  r e f e r  t o  Table  1 f o r  s t a t i o n  c o d e s .  
Refe rence  s t a t i o n s  a r e :  URP and MWC. Pond s t a t i o n s  a r e :  BP 
and ALPHA. 



Table 9. Duncan's m u l t i p l e  r a n g e  t e s t  of t h e  means f o r  s e d i m e n t  chromium, 
copper ,  and z i n c  from Santa  Rosa Creek.  Means a r e  i n  p a r e n t h e s e s  a s  
mg/Kg. Under l ined  means a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  95% 
conf idence  level; t h o s e  n o t  u n d e r l i n e d  a r e  s i g n i f i c a n t l y  d i f f e r e n t  
from t h e  u n d e r l i n e d  means. P l e a s e  r e f e r  t o  Tab le  1 f o r  s t a t i o n  
codes .  

CHROMIUM 
DP SCRSP S RCM SRCMR 
(0 .77)  ( 1 . 4 )  ( 2  1) ( 2 . 3 )  

SRCSP 
(0 .95 )  

J 
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'icpre 11. Sediment chronuum concentrations 
(mg/Kg) in Santa Rosa Creek, 
1985-86. 

6.0 - 
5.0 - 
4.0 - 
3.0 - 
2.0- 

1.0- 0 1  

0 Em- rim 

ZINC 
DP SRCMR S RCM SRCSP 
(1 .5)  ( 3 . 2 )  ( 8 . 8 )  ( 9 . 6 )  

*tamator Pod 

D-trean S i t a  

styem tlop -> 

-5- + 1 
1 2 d  

10 - 
8 - 
6 - 
'- 
2 - 
0- 

'a f 'm 6 4 3 6 

n P l l t a  Sto8y Poiat Delta Pond 8t ~ W I M  
LDsd b e d  

Flgure 12. Sedrment copper concentrations 
(mg/Kg) In Santa Rosa Creek, 
1985-8 6. 
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Flgure 13. Sediment zxnc concentratlons 
(mg/Kg) l n  Santa Rosa Creek, 
1985-86. 



'Vacation Beach and Duncan's Mills sites were significantly higher than the other 
stations as a group, but not significantly different from Healdsburg Memorial 
Beach, Wohler Bridge, or Odd Fellows as a group (Table 10) . There was no 
apparent relationship of metals concentrations in the sediments from the Russian 
River to the Mark West Creek system. 

There is no evidence from sediment metals concentrations that discharges from 
the Mark West Creek system.affected sediment concentrations in the Russian 
River. 

1995 Data 
[ f i l l  i n  wi th  conclus ions;  Figure 16AJ 

RESULTS - NUTRIENTS 
Though the sediments were sampled for nitrate, ammonia, total Kjeldahl nitrogen, 
orthophosphate, and total phosphate, we analyzed the data with respect to total 
Kjeldahl nitrogen and total phosphate. Total Kjeldahl nitrogen is the sum of organic 
nitrogen and ammonia, as such representing organic depositional material and the first 
nitrogenous breakdown product. .Total phosphate represents organic depositional 
material plus any phosphates that adsorb to particulates and settle, becoming part of 
the sediments. 

Reference to box plots and statistical significance is the same as with the metals 
results. 

Differences among ponds 
1985-86 Data 

Brown Pond (BPI exhibited the largest variation in nitrogen, with the median 
value lowest at Meadow Lane (MLP) and highest at Delta Pond (DP) (Figure 17). 
The DMRT grouped BP and DP together and significantly higher in concentration 
than MLP (Table 11) . 

Delta Pond exhibited the largest variation in total phosphate, median 
concentrations from lowest at MLP to highest at BP (Figure 18). The DMRT 
grouped all three ponds together: there were no significant differences among 
the ponds (Table 11) . 

1995 Data 
[ f i l l  i n  wi th  conclus ions  and data t a b l e ]  

Differences among reference.sites 
1985-86 Data 

Most notable in the box plots for nitrogen was the large variation at the 
Petaluma Hill Road site (URP) (Figure 19). The DMRT grouped all the reference 
sites together except URP, URP being significantly higher in concentration 
(Table 12.) 

The highest variation in phosphate was observed ,at URP, though the ranges for 
all sites were similar (Figure 20). The DMRT grouped all four sites together: 
.no significant differences among the sites (Table 12). 

1995 Data 
[ f i l l  i n  w i t h  conclus ions  and data t a b l e ]  

Differences on a by-stream basis - Laguna de Santa Rosa/Mark West Creek 
1985-86 Data 

The box plots did not show any clear relationship of sediment nitrogen 
concentrations to wastewater storage ponds, though were generally higher at the 
Stony Point Road and Occidental Road sites than anywhere else in the system 
(Figure 21). The DMRT did not identify any clear relationships either (Table 
13). 

As with nitrogen, there was no clear relationship of phosphate concentration in 
the sediments to 10catio.n of the wastewater storage ponds (Figure 22). The DMRT 
showed two large groups, MLP being significantly different from LUSR, and all 
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Figure 14. Sediment chromium concentrations (mg/Kg) in the Russian River, 
1985-86. Mark West Creek reference stations shown for comparison 
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Figure 15. Sediment copper concentrations (mg/Kg) in the Russian River, 
1985-86 .  Mark  West C r e e k  reference stations shown for comparison. 
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0.  Duncan's multiple range test of the means for sediment - 
chromium, copper, and zinc from the Russian River. Means are 
in parentheses in mg/Kg. Underlined means are not signif- 
icantly different at the 95% confidence level; those not 
underlined are significantly different from the underlined 
means. Please refer to Table 1 for station codes. 

CHROMIUM 
CB VB OF WB AV DM 

1 (1.1) (1.2) (1.2) (1.4) (1.4) (1.8) (2.2.)  

,COPPER 
AV OF HMB WB 

) (1.1) (1.3) (1.3) (1.4) 

ZINC 
CB WB JB OF 

1 (1.1) (1.3) ( 1 . 3  (1.4) 
HMB VB DM 
(1.5) (1.8) (1.9) 
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Figure 17. Total Kjeldahl nitrogen 
i concentrations (mg N/Kg) in 

sediments of three wastewater 
ponds, 1985-86. 
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Figure 18. Total phosphate concentrations 
(mg P / K g )  in sediments of three 
wastewater ponds, 1985-8 6. 

Table 11. Duncan's multiple range test of the means for sediment 
concent rations of total Kj eldahl nitrogen (mg-N/K~) and total 
phosphate (mg-P/Kg) in three wastewater .ponds. Means are in 
parentheses. Underlined means are not significantly 
different at the 95% confidence level; those not underlined 
are significantly different from the underlined means. 
Piease refer to Table 1 for station codes. 

TOTAL KJELDAHL NITROGEN 

MLP 
( 2 0 2 )  

TOTAL PHOSPHATE 

MLP BP DP 
(114) (250) (268) 
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Figure 20. Total phosphate concentrations 
(mg N/Kg) in sediments of four 
reference sites, 1985-86. 
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Table 12. Duncan's multiple range test of the means for sediment 
concentrations of total Kjeldahl nitrogen (mg-N/Kg) and total 
phosphate (mg-P/Kg) at four reference sites. Means are. in 
parentheses. Underlined means are not significantly 
different at the 95% confidence level; those not underlined 
are significantly different from the underlined means. 
Please refer to Table 1 for station codes. 
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Figure 19. Total Kjeldahl nitrogen 
concentrations (mg N/Kg) in 
sediments of four reference 
sites, 1985-86. 
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o t h e r  s i t es  n o t  s i g n i f i c a n t l y  d k f f e r e n t  from one a n o t h e r  ( T a b l e  1 3 ) .  
i995 Data 

[ f i l l  i n  with c o n c l u s i o n s  and d a t a  t a b l e l  

Table 13. Duncan's multiple.range test of the means for total Kjeldahl 
nitrogen (mg N/Kg) and total phosphate (mg P / K g )  in sediments 
from the Laguna/Mark West Creek system. Means are in 
parentheses. Underlined means are not significantly different 
at the 95% confidence level; those not underlined are 
significantly different from the underlined means. Please 
refer to Table 1 for station codes. 

TOTAL KJELDAHL NITROGEN 
MWC TH MLP URP LUSR BP DP LSP LOR 
( 5 5 )  (110) (202) ( 3 8 6 )  (448) (594) (750) (908) (917) 

TOTAL PHOSPHATE 
MLP BP TH DP LOR LSP MWC URP LUSR 
(114) (250) (266) (268) (294) ( 3 3 2 )  (347) (383) (443) 

D i f f e r e n c e s  on a  by-s t ream b a s i s  - S a n t a  Rosa Creek 
1985-86 Data 

The D e l t a  Pond samples were h i g h e r  i n  n i t r o g e n  t h a n  t h e  S a n t a  Rosa C r e e k  s i t e s  
( F i g u r e  23). The c o n c e n t r a t i o n s  were  more v a r i a b l e  a t  t h e  S t o n y  P o i n t  Road s i t e  
t h a n  t h e  o t h e r  two s i t e s .  The DMRT grouped t h e  s t r e a m  s i t e s  t o g e t h e r  a n d  
s i g n i f i c a n t l y  l o w e r  i n  c o n c e n t r a t i o n - t h a n  D e l t a  Pond: no o b s e r v e d  e f f e c t  on 
S a n t a  Rosa Creek sediment n i t r o g e n  from D e l t a  Pond (Tab le  1 4 ) .  NO o t h e r  
r e l a t i o n s h i p s  o f  c o n c e n t r a t i o n  t o  l o c a t i o n  w e r e  a p p a r e n t .  

C o n c e n t r a t i o n s  were  g e n e r a l l y  h i g h e r  a t  t h e  r e f e r e n c e  s i t e  (SRCMR). o t h e r w i s e , '  
no  c l e a r  r e l a t i o n s h i p  was a p p a r e n t  f o r  phospha te  ( F i g u r e  2 4 ) .  The DMRT grouped 
a l l  s i t e s  t o g e t h e r  wi th  no s i g n i f i c a n t  d i f f e r e n c e  among s i t e s :  no o b s e r v e d  
e f f e c t  on S a n t a  Rosa Creek sed iment  phospha te  from D e l t a  Pond ( T a b l e  1 4 ) .  

1995 Data  
[fill i n  w i t h  c o n c l u s i o n s  and  d a t a  t a b l e l  

D i f f e r e n c e s  on a by-s t ream b a s i s  - ~ u s s i a n  R i v e r  
1985-86 Data 

Sediment  n i t r o g e n  c o n c e n t r a t i o n s  a p p e a r e d  s l i g h t l y  h i g h e r  a t  ~ e a l d s b u r g  Memorial 
Beach (HMB), Wohler Bridge (WB), V a c a t i o n  Beach ( V B ) ,  and Duncan 's  Mills (DM) 
t h a n  a t  o t h e r  s i t e s  ( F i g u r e  2 5 ) .  However, t h e  DMRT grouped a l l  r i v e r  s i t e s  
t o g e t h e r :  no s i g n i f i c a n t  d i f f e r e n c e  among t h e  s i t e s  (Tab le  1 5 ) .  

Phospha te  c o n c e n t r a t i o n s  i n  t h e  s e d i m e n t s  were s i m i l a r  th roughout  t h e  R u s s i a n  
River s t u d y  a r e a ,  v a r i a n c e  b e i n g  the o n l y  a p p a r e n t  d i f f e r e n c e  among river s i t e s  
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sed iment s  i n  t h e  Laguna/Mark West Creek sys tem,  1985-86. 
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F i q u r e  22 .  T o t a l  phospha te  c o n c e n t r a t i o n s  (mg P/Kg) in s e d i m e n t s  i n  t h e  
Laguna/Mark West Creek sys tem,  1985-86. 
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Figure 25. Total Kjeldahl nitrogen concentrations (mg N/Kg) in 
Russian River sediments, 1985-86. 
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Figure 26. Total phosphate concentrations (mg N / K ~ )  in ~ussian 
River sediments, 1985-86. 
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(mg P/Kg) in Santa Rosa Creek 
sediments, 1985-86. 

Table 14. Duncan's multiple range test of the means for total Kjeldahl 
nitrogen (mg N/Kg) and total phosphate (mg P/Kg) in sediments 
from Santa Rosa Creek system. Means are in parentheses. 
Underlined means are not significantly different at the 95% 
confidence level; those not underlined are significantly 
different from the underlined means. Please refer to Table 1 
for station codes. 
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(Figure 2 6 ) .  However, the DMRT grouped all Russian River sites together: no 
significant difference in sediment phosphate concentrations (Table 15). 

1995 Data 
[ f i l l  i n  w i t h  conclusions and d a t a  t a b l e ]  

Table 15. Duncan's multiple range test of the means for total Kjeldahl 
nitrogen (mg N/Kg) 'and total phosphate (mg P/Kg) in sediments 
from the Russian River. Means are in parentheses. Underlined 
means are not significantly different at the 95% confidence 
level; those not underlined are significantly different from 
the underlined means. Please refer to Table 1 for station 
codes. 
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( 6 3 )  ( 8 7 )  ( 9 8 )  (102)  ( 1 7 1 )  ( 2 4 4 )  ( 2 8 2 )  ( 2 9 8 )  

TOTAL PHOSPHATE 



CONCLUSIONS 

[ n e e d  more d i s c u s s i o n  and l i s t i n g  o f  c o n c l u s i o n s ]  

1985-86 Data 
oraanic chemicals 
no detections 

Metals 
The only relationships observed were increased zinc at stations downstream of the 
urbanized areas in the Santa Rosa Plains. 

Metals sediment concentrations were not higher downstream of the City of Santa Rosa's 
Laguna plant discharges, nor in the Russian River downstream of the Mark West Creek 
system: no effect of discharges on sediment metals concentrations., 

Nutrients 
No clear trends were observed from upstream of the City of Santa Rosa discharge points 
to downstream. Likewise no such trends were observed in the.Russian River from 
upstream of the Mark West Creek system to downstream of that influence. 

1995 Data 

Discussion of Conclusions 
Differences in the analytical methods between the two samplings did not allow us to 
directly compare actual~concentrations between 1985-86 a& 1995 samplings. However, 
no significant trends were observed in the data from either the 1985-86,or 1995 
samplings. 

The discharges from the City of Santa Rosa's Laguna plant did not appear to cause 
higher sediment concentrations of organic chemicals, heavy metals, or nutrients. 
Urban runoff may account for slightly higher levels of zinc in sediments downstream of 
some urbanized areas. 

Some of the differences seen between sites may be due to the sizes of the sediments. 
Smaller sediment sizes may not have been deposited at some sites, thus less 
opportunity for adsorbtion of contaminants. If that was the case (as observed in the 
1995 sampling) then likewise there was little opportunity for effect: the smaller 
size of sediments that more readily adsorb contaminants were no,t present and thus 
aquatic organisms were not exposed to contaminants. Additionally, organic content and 
reduction/oxidation state of the sediments may affect adsorbtion. Percent organic' 
content was measured in 1995. 

Sampling and analytical methodologies changed. The 1985-86 sample treatments did not 
include sieving the sediments prior to analysis. Subsequent sampling should employ 
the same methods as in 1995, even if methods change in the interim. Sediment particle 
size analysis, redox potential, wet weight/dry weight ratios, and percent organic 
content should be measured. 
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